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APPLICATION OF CIRCULATION CONTROL TO AN AIRPLANE OF MILITARY LIAISON TYPE

This report covers the period from 2 November 1952 to 1 January 1953.

CESSNA MODEL J09~J09A - CONTRACT NO. 234(00)
A sis
Examination of data obtained during the flight test of the airplane with

AirResearch Turbine as an irjector pump for the BIC system revealed an error
in the computation of CQB and C%. This explains the poor performance of the
Cessna installation as compared with German and French tests (which was pre-
viously attributed ‘o low efficiency of the pumping system) and throws a dif-
ferent light on the performance of the AirResearch Turbine. Results of this
study will be presented in the Report #1309-8: "Evaluation of Performance
. and Efficiency of the AirResearch Gas Turbine as an Injector Pump for the
BIC System®.
Meanwhile the corrected curves of Cq v8 G, and true air speed are at-
tached to this report and will be distributed to be inserted as page 16 of
the report 1309-3,
Pumping performance of the axial fan system in flight has besn evaluated

and flow coefficients, horsepower Ainput and output, and duct efficiency de-
termined. Results and conclusions not already reported are as follows;

1. As alrplane speed increases flow quantity is reduced, and CQ falls
off more rapidly than normally would be expected. This 18 caused by
inability of the fans, presently installed, to operate at the same
output, but against greater pressure losses. These losses lncrease
with speed because the air entering the suction slot must be accele-
rated from rest to the velocity of the airplans.
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2. Flow quantities also show an abrupt drop in the region of far surge
(blade stall). This cccurs in both forward and aft ducts, but at
lower indicated airsieedis in tie rcrward duct. losses in the forward
duct were greater initially (static conditions) which accounts for
the earlier surge i:. that duct. The effect of fan surge is to re-
duce BLC asystom output, Lul requires approximately tle same power
input,

3+ Airplane jower ruduces the Cq required to maintain a constant Cj,
(due to sllp stream effect), This indicates the & Clpay due to

power is greater with &LC than without. Further reeultis and con-

clusions pertaining to the BLL performance with axial fan systen
’ will be prevented in report #1309-7: "inalysis of bowndary layer
Control Pumping Performance with Electrically Driven Fans".

Flight Tests
Tests to determine the reason for change in static longitudinal stab-

11ity caused by the BIC system in action have been completed. In order to
measure downvash angle and Aynaric pressurc at the tail, Kollsman angle of
attack indicator was installed on the leading edge of the stabiliszer., The
results will be presented in report #1309-61 "Static Longitudinal Statdlity
of the Model 309A with Axial Fans &8 BLC Fumping Syster'.

Ground Tests

ceveral certinationc of lead-acid batteries Were tobter at 360 amp.

current discrarfe to obtain voltage -ircp ve time. Results of tests sh.ow
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promise for inter-ittuent service of 30 seconis at © minute intervals. (soe
graph) The nstalladion 4411 consi-t of trnree oY four 12 volt a‘rcraft
batterics of S =)C aupere hour rating weigning approximately 230-310 1lbs.
Reaiing Latteries Coupany agreed to tost several combinations ol batteries
at 36 ips. iiacharge rate. Meanwhile thoy will send us four T-36 aircraft
batteria. to ©e .ustelled on “he alrplane for {light testing.

A considerable scattering of points was observed in the .rccess of
meaudng grantity flow of uir in the JLocting syster, It was suspected that
tals conll? Lo lue to eacessivae txrmlence wnich: was causing irregular reading
of the ren.getor, I:. Lrder t- wverify tils a simple bencn lest was performed
to studys the offect »f flow wngularity upon the readings of total proecoure
tubes, Aix fur tm te.t wie “lown uircugh a two iach stralght nozzlo at a
constart rate, Tre total pressure tuves were mounted one at a lime six
inches from the nuzzle and rotated about the nose as s.own on tau swetch of
Feure 1, The resuits indicate that round tubing with rounded ncse i3 least

wrscetatle to anjular flow,

Desiyn and Draflting

A drawing of tne installaticn -f *l.e hyir~gen percoxide injection pump
{n the 309C 18 now in progress. It wili include the supply tinksy, tie in-
jector ;ump, firewalls and firec contrel systam.
The followin, driwiars wore releasuds
le3u9-0b - Hulder Zungee Syatem
-4 = Procoure Plek-Un Tredsllation (Melel 363C)
=.7 = Wirliy, ~.eyTam - Lattery Qperated Fan Lystem

03 = Wirlag dagr e - Sompoun. battery and wunerater
Operated Fan System

Cubkl DN Tlal
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CiSSNA_MODEL 319 - CONTRACT NO. 856(00)

Analysis .
In order to establish a specification for the design of the fan and

the pumping system a study was initiated to determine the effect of wing
loading, coelficient of ground frictiocn and CIaax upon take-off distance.
The results will determine a ('anx for the optimum take-off characteristics.
Then, knowing duct losses and required values of cQ, a curve of Ap across the
fan vs quautity flow will be established. This, along with limiting physical
dimensions and operating conditions, will govern the design of a pumping unit.
Preliminary analysis of take-off distance over 50 ft. obstacle indicated
the following:

1. Substantial reduction of take-off distance at the same wing loading

occurs wita increased CL..; (due to BLC). The largest performance
gn.in exists for take-off on a very soft turf (or sand) with smaller
gains on a hard surface runway.

2. Proportionally larger gains can be expected with increased wing loading
at the scae CI..x (neglecting the weight of BIC system). If the air-
plane weight is increased, to take account of BIC apparatus, mmaller
gains would exist. A reasonable estimation of weight chargable to
BIC awaits the results of a current survey of auxiliary power units
as well as studies of electrical, hydraulic, and other systems.

3. Reduction of take-off distance for values of Clnx greater than 4.0
vas found to be mmall, particularily for lov wing loading and hard
surfaced runways.

CONFIDENTIAL
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4. Power actracted from the engire to operate a BLC systea reduced per-
formance gain. An optimm Cluax (for take-off distance) of approxi-
rately 4,0 was found for all runway conditions and wing loadings in
the range of 20 to 25. Por w#ing loadings of 15 to 20 the optimum
valuo was 4.5.

5. If an amount of power equivalent to that requircd by BLC is added,
instoad of subtractrd, Lake-ofi performance still renains inferior
to that with BIC up to wing loadings of 20. Tals is true for lgax
(due to 2IC) up to L5 veyond wiich power reg:ired for BIC becomes

quite large.,

These conclusions are subject to verification by wind tumnel tests of
the 0,6~scale model, Further results and conclusions will be presented at

a later date.

Mock-Up ~{ Suction Duct

Model 319 sucticn duct bench teusts performed recently by the University
of Wichita inilicate that total pressurc lossees in the "vortex®" type suction
duct are very high - exceedin; those «f the ducts now installed in the Model
309A. In view of this the University has undertaken at their own expense,
the design, corstruction (modification of prevsent mock-up), and testing of

another configuration which offers possibility of improvement.

Design and Drafting

Since the Model 319 is expected to be flight tested over a range of
wving loadings from 15 to 25 lb/sq.ft., it was necessary to increase the

CONFIDLNTIAL
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stresgt. of tio air.lanc in Jeveral crl&cal points. Design work a the
structural details of tue wing are confindd to areas forward of the f{ront
spar. T:liz .8 duc tc the fact tnat the fined duct design has not ceen con-

firmed 2 be.cu ad wond tuw.nel tssta (sec section oa suction duct mock-up

Tho f51loqalng Arowii s have be:: relqased:

12310-8 = 71l ‘heol Modification
-9 - Bulkhead Contour Sta. 21L4=375 (loft)
-10- Main Lanilng Jeur Installa*ion
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